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@ A base station for mobile radio telecommunica- 
tions systems comprises a radio frame set, an am- 
plifier frame, and an antenna interface frame con- 
nected to transmit and receive antennas. The radio 
frame set comprises a radio ciiannel frame including 
a radio control complex (31). a plurality of radio 
channel units (54) and a plurality of digital interface 
circuits (57) for interconnecting the base station to a 
remote mobile telephone switching office. A time 
division multiplexed bus (53), connected to the radio 
control complex (31), the radio channel units (54) 
and the interface circuits (57), is used for selectively 
connecting, under the control of the radio control 
complex (31), any radio channel unit (54) to any 
digital interface circuit (57). Such a radio channel 
arrangement is capable of handling analog, as well 
as, digital radio channel units while exhibiting greater 
capacity, easier medntenance and upgrade, and sub- 
stantially increased flexibility. 
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IMPROVED BASE STATION FOR MOBILE RADIO TELECOMMUNICATIONS SYSTEMS 



Technical Reld 

The present invention relates to mobile radio 
telecommunications systems and, more particular- 
ly, to an Improved base station for use in cellular 
telecommunications systems. 

Background of the Invention 

In high capacity cellular mobile radiotelephone 
systems, a plurality of base stations, also refen^ed 
to as cell sites, are arranged so that each cell site 
covers a respective geographical area called a cell. 
Typically, each such cell site contains a radio 
transmitter-receiver and is directly wired to a mo- 
bile telephone switching office (MTSO) which in 
turn is part of a regional or nationwide network of 
telephone switching offices. One example of such 
cell site is the AT&T Series I cell sites (Model 1 
and Model 2 architecture) used in the family of 
ALfTOPLEX® cellular telecommunications systems 
which are commercially available from the Ameri- 
can Telephone and Telegraph Company of New 
York, N.Y. Such known cell sites have operated 
satisfactorily for their intended purposes for which 
they were originally designed. However, because of 
increased demands for more radio channels oc- 
cupying smaller physical facilities in combination 
with requirements of integrating digital data links 
and facilities in the radio frames at the site, there 
exists a need for a digital cell site capable of 
handling analog as well as digital radio channel 
units while exhibiting greater capacity, easier main- 
tenance and upgrade, and more flexibility than now 
exist with commercially available equipments. 

Summary of the Invention 

The foregoing need is met in an embodiment 
of the invention wherein a base station for mobile 
radio telecommunications systems comprises a ra- 
dio channel frame including a radio control com- 
plex and a plurality of radio channel units located 
within the frame; communication links for bidirec- 
tionally coupling the base station to a remote mo- 
bile telecommunications switching office; a plurality 
of digital interface circuits, located witinin the radio 
channel frame, for interconnecting the radio chan- 
nel frame to the communication links; and mul- 
tiplexing bus arrangement connected between the 
radio control complex and the radio channel units 
for selectively connecting, under the conti;ol of the 
radio control complex, any one of the plurality of 
radio channel units to any one of the plurality of 
digital interface circuits. 



In accordance with another embodiment, a ra- 
dio channel frame for cellular telecommunications 
systems comprises a control processing unit; a 
system bus coupled to the control proces^ng unit; 
5 a memory circuit, a networtc control interface circuit 
and a <x)mmunications processor interface circuit 
each connected to the system bus so that the 
control processing unit is capable of accessing 
each of the circuits; a plurality of radio channel 

10 units, each capable of perfonning setup, locate and 
voice channel functions; a plurality of digital Inter- 
face circuits for interconnecting the radio channel 
frame to incoming and outgoing voice and data 
frame links; and multiplexing bus anrangement 

75 adapted for selectively coupling under the control 
of the control processing unit any one of the plural- 
ity of radio channel units to any one of tiie plurality 
of digital interface circuits.- 

In accordance with a prefen'ed embodiment, a 

20 radio channel frame for cellular telecommunications 
systems comprises first and second control pro- 
cessing units adapted to be interconnected by an 
update bus; first and second system buses respec- 
tively coupled to the first and second control pro- 

25 cessing units; first and second memory circuits 
respectively connected to the first and the second 
system bus so that each control processing unit is 
capable of accessing the first and second memory 
circuits; first and second network control interface 

30 circuits respectively connected to tiie first and tiie 
second system bus; first and second communica- 
tions processor interface circuits respectively con- 
nected to tiie first and the second system bus; a 
plurality of radio channel units each capable of 

35 performing setup, locate or voice channel functions; 
a plurality of digital interface circuits for intercon- 
necting the radio channel frame to incoming and 
outgoing voice and data frame links; and time 
division multiplexed bus arrangement adapted for 

40 selectively coupling, under the control of either one 
of the control processing units, any one of the 
plurality of radio channel units to any one of the 
plurality of digital interface circuits. 

Bi^'Q^ Description of the Drawing 

Further features and advantages of tiie present 
invention will become apparent from the following 
detailed description taken together with the draw- 
50 ings In which: 

FIG. 1 is a block diagram configuration of a cell 
site connected to an MTSO; 
FIG. 2 shows an illustrative schematic configura- 
tion of various components of the primary radio 
channel frame 14 of FIG. 1; and 
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FIG. 3 is a functional block diagram representa- 
tion of the primary radio channel frame shown in 
FIG. ^ 

Detailed Description 

Shown in RG. 1 is a schematic representation 
of cell site 10 which illustratively includes three 
different frames, namely a radio frame set 11, an 
amplifier frame 12 and an antenna interface frame 

13. Included witiiln the radio frame set 11 is at 
least one radio channel frame 14, called the pri- 
mary frame. Additional radio channel growth 
frames, such as frames 15 and 16, may be selec- 
tively added to the primary radio channel frame 14 
depending upon the capacity desired at the cell 
site 10. Similarly, an additional amplifier frame and 
a second antenna interface frame may be added to 
the cell site 10 based upon the overall require- 
ments and capacity of the cell site 10. Also shown 
in FIG. 1 is a mobile telephone switching office 
(MTSO) 17 which is adapted to link a cellular or 
mobile subscriber (not shown) into the standard 
telephone network as well to other cellular sub- 
scribers. All data and voice communications be- 
tween the MTSO 17 and tiie cell site 10 are 
achieved, respectively, over data links 18 and voice 
trunks 19 connected between the radio frame, such 
as primary radio channel frame 14. and the IVITSO 
17. Although links 18 and trunks 19 are each illus- 
tratively shown as a single connecting line, each 
such link or trunk consists of a plurality of physical 
connections between the MTSO 17 and the pri- 
mary radio channel frame 14, for example. 

Radio signals to be transmitted from the MTSO 
17 via the cell site 10 to a cellular subscriber, i.e., 
radio transmissions in the forward direction, are 
derived from the radio frame set 11 and coupled, 
via lead 20, to tiie amplifier frame 12 for appro- 
priate amplification prior to transmission. The am- 
plified signals to be transmitted are then connect- 
ed, via lead 21. to the antenna interface frame 13 
for radio transmission via a transmitting antenna 22. 
Radio transmission in the reverse direction, i.e., 
signals received at the cell site 10 from cellular 
subscribers, are received at ttie receiving antennas 
23. and coupled to the radio frame set 11 via the 
antenna interface frame 13 and lead 24. 

In accordance with an illustrative embodiment 
of the invention, the primary radio channel frame 

14, shown in RG. 2, includes an interconnection 
panel 30, a radio control complex 31, a plurality of 
radio channel units 32 arranged in several shelves 
within the frame, witii each shelf comprising asso- 
ciated power supplies, power combiners/dividers, 
switches, and digital signaling fonmat, e.g., DS1, 
interfaces. Also included in the radio channel frame 
14 is a radio test unit 33 used primarily to check 



the performance of the total RF patfi to and from 
the receive and transmit antennas 23 and 22. 

Referring now to FIG. 3 which shows an overall 
functional block diagram of the primary radio chan- 

5 nel frame 14, the radio control complex 31 is 
Illustratively shown as having two interconnected 
identical sides, referred to as side 0 and side 1. 
However, as it will become clear from the following 
description, only one side is necessary for the 

70 operation of the radio control complex 31 . Clearly, 
a duplex configuration of the radio control complex 
31 substantially enhances reliability of the cell site 
tiirough duplication, in that while one side is active, 
its mating side is kept in a domnant state but ready 

15 to take control with a minimum loss of information 
in tiie event of failure of the active side. The radio 
control complex 31 includes two identical proces- 
sors 40 and 41 interconnected by an update bus 
42. Each processor provides the control processing 

20 function for tiie radio control complex 31. Nonmaliy, 
one processor, e.g., 40, Is active and the other 
processor, i.e., 41, is in a standby mode. On side 0 
of the radio control complex 31, the processor 40 
is connected to a system bus 43 which in tum is 

25 coupled to a memory circuit 44. a communication 
processor interface circuit 45, at least one network 
control interface 46, and an alarm interface 47. 
Similarly, on the side 1 of the radio control com- 
plex 31, tiie processor 41 is connected to a system 

30 bus 48 which in tum is coupled to a memory circuit 
49. a communication processor interface circuit 50, 
at least one networi< control Interface 51 and an 
alarm interface 52. 

The update bus 42 lets tiie active, call process- 

35 ing. processor, e.g., 40, keep its mate's memory 49 
updated to allow the processors to switch roles, 
i.e., responsibility for call processing, without losing 
valuable information. Also, the update bus 42 al- 
lows the active processor, e.g., 40, to perform 

40 diagnostics on the mate processor, i.e., processor 
41 . Alternatively, if processor 41 is the active one, 
tiien the update bus 42 allows tiie updating of 
memory 44 so that processor 40 can take over the 
control of the call processing in case of failure of 

45 processor 41. 

In accordance with an illustrative embodiment 
of the invention, tiie primary radio control frame 14 
further includes at least one time division mul- 
tiplexed bus 53 adapted to selectively connect, 

50 under control of either processors 40 or 41. a 
corresponding side of the radio control complex 31 
to additional circuits within the frame 14. Such 
additional circuits include several radio channel 
units, of which only one is shown as RCU 54. clock 

65 and tone circuits 55 and 56. several digital facility 
interface circuits of which only one is shown in RG. 
3 as DS1 57, and at least one radio test unit 58. In 
accordance with a preferred embodiment the pro- 
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cessors 40 and 41 include known commercially 
available processing units, such as MC68020 
microprocessors and support logic including tim- 
ers, registers, memory (read only memory and 
random access memory) and update bus control 
circuitry. The memory circuits 44 and 49 may 
each, for example, contain a 38 bit one megabit 
DRAM of krwwn type with associated control, re- 
fresh, timing and write protect logic necessary to 
access it. The communication processor interface 
circuits 45 and 50 are adapted to provide reliable 
control channels with the MTSO 17 through the 
time division multiplexed bus 53 and the digital 
interface facility 57. Synchronisation of control 
channel messages between the processors 40 and 
41 and the time division multiplexed bus 53 is 
provided by the network control interface circuits 
46 and 51 respectively associated with side 0 and 
side 1 of the radio control complex 31. 

As shown in FIG. 3. the time division mul- 
tiplexed bus 53 preferably employs a pair of buses 
designated "A" and "B" to connect all the radio 
channel units, such as RCU 54, within the primary 
radio channel frame 14 and selected radio channel 
units in any optional growth radio channel frames, 
e.g., 15 or 16, in the event that such growth frames 
are used. In such case, an additional time division 
multiplexed bus is needed to interconnect tiie addi- 
tional RCUs in the growth frames. All external inter- 
faces, i.e., voice trunks 19 and data links 18 to and 
from MTSO 17, are connected to tiie time division 
multiplexed bus 53 via digital facility interfaces 
such as interface 57. All data links 18 from the 
MTSO 17 are connected to tiie bus 53 in the 
primary frame even though additional growth radio 
channel frames, such as 15 and 16, may be uti- 
lized. In accordance with a preferred embodiment, 
the bus 53 comprises a pair of B-bit time division 
multiplexed buses "A" and "B" to penmit voice, 
data, and control connectivity to any circuit con- 
nected to the bus 53. Illustratively, each bus "A" 
and "B" may support 256 time slots and operates 
at a clock frequency of 2.048 MHz. Separating tfie 
bandwidth into two physically separate buses "A° 
and "B" has two advantages. Rrst. it cuts in half 
the frequency at which a single 512 time slot bus 
must operate at and second it provides increased 
system reliability. If one bus fails, the system can 
still operate at reduced capacity on the remaining 
bus. Synchronization of bus control channel mes- 
sages between either processor 40 or 41 and any 
circuit pack is performed by the associated network 
control interface 46 or 41 , respectively. The mes- 
sages transmitted over a control channel may com- 
prise the first five time slots of either TDM bus "A" 
or "B". Only one bus can carry control information 
at any one time, and in the event of failure, control 
information is carried on the other bus. The control 



channel operates in a master/slave configuration 
with the network control interface 46 or 51 as 
master and the circuits 54 through 58 as slaves. 
Each such circuit must have a unique address and 
s can only communicate with the networic control 
interface when granted permission. This protocol 
prevents collisions on the TDM bus 53, where two 
circuits might ottierwise try to transmit simulta- 
neously. 

70 In accordance with a preferred embodiment, 
the radio channel unit 54 shown in RG. 3 is prefer- 
ably a plug-in module containing all RF, baseband 
and control circuitry required to perform setup, 
locate or voice channel functions. The radio chan- 
ts nel unit function as well as its operating channel, 
transmit power level, and ottier specific parameters 
are downloaded to each radio at initialization via 
the time division multiplexed bus 53 under control 
of the active processor 40 or 41 . In addition, radio 

20 channel unit call processing algoritiims are con- 
tained in nonvolatile memory circuits within each 
unit and may be updated via the time division 
multiplexed bus 53, if necessary. The down loada- 
ble parameter and nonvolatile memory update fea- 

25 tures advantageously allow remote reconfiguration 
of the radio channel unit and eliminate the need for 
many on-site visits. Also, tfie radio channel unit 54 
contains built-in self test capabilities which are 
automatically executed at initialization and test re- 

30 suits are reported to the radio control complex 31 . 

The radio test unit 58 is used, primarily, to 
check the performance of the total RF path to and 
from receive and transmit antennas 23 and 22 
(shown in FIG. 1). The basic circuit of the radio test 

35 unit 58 is similar to that of a radio channel unit 54. 
with a few differences. The radio channel units 54 
have two inputs, one for each diversity; the radio 
test unit 58 has only one. Another difference is in 
the RF switch control interfaces. On each radio 

40 channel unit shelf (32 in RG. 2), tiie RF antenna 
selector switches associated with a channel unit 
are controlled via six parallel bit lines. Three bits 
are for tiie switches in the two receiver input diver- 
sity paths to each channel unit. The other three bits 

45 are for the switch in the transmit path. The radio 
test unit 58 controls RF switches located in the 
antenna interface frame 13. The radio test unit 58 
contains a test receiver and test generator which 
serve to simulate a cellular/mobile subscriber unit. 

50 The test receiver can be tuned to any receive 
channel, and the test generator can be tuned to 
any ti-ansmit channel. Tuning is accomplished by 
commands sent by the time division multiplexed 
bus 53 to a transmit^receive frequency synthesizer 

55 (not shown) within the radio test unit 58. During 
receive testing on a cell site radio channel unit 54, 
the test generator within the radio test unit 58 is 
tuned to the channel under test and the output of 
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any one of said plurality of radio channel units 
to any one of said plurality of digital interface 
circuits. 

5 2. A base station as claimed In claim 1, v/herein 
the multiplexing means comprises a pair of 
time division multiplexed buses (A.B). each 
adapted to be connected to said plurality of 
radio channel units within the frame thereby 
10 achieving voice and data communication be- 
tween any of said plurality of radio channel 
units and the cell site communication linking 
means. 



the test generator is applied to the appropriate cell 
site receiving antenna 23. Control is applied to the 
antenna interface frame 13 to select omni receive 
or one face of the directional antenna. 

In accordance with a preferred embodiment all 
the data and voice communications between the 
MTSO 17 and the cell site 10 are based on a 
digital signaling format DS1 which is a bipolar 
retum-to-zero signal at a 1.544 Mb/s rate for T1- 
can'ier. Altematively, other digital signal foniiats 
may be used. The cell site data communication 
links 18 are selected, under the control of the 
communication processor interface 45 or 50, to 
operate at 9.6 kb/s, 56 kb/s or 64 kb/s rates. A OSI 
carrier link can accommodate 24 digital voice com- is 
munication channels or a combination of digital 
voice and data channels. For each DS1 carrier, the 
radio channel frames 14,15 and 16 must each have 
at least one DS1 interface circuit 57. Two data links 
are required between the primary radio channel 20 
frame 14 and the MTSO 17 for reliability. TTils Is 
best accommodated via two DS1 canriers, with one 
data channel in each link. All cell site interfaces are 
digital, using DS1 boards with DS1 interface cir- 
cuits. When the facility is a T1 -carrier, the DS1 25 
interface allows connection directly to the radio 
control units without the need for D4 channel 
banks. If analog facilities are used. D4 channel 
banks would, however, be required. The DS1 inter- 
face also allows connection directly to microwave 30 
systems or to fiber optic systems such as. for 
example. AT&Ts fiber optics multiplexer DDM- 
1000. 

Although the present invention has been de- 
scribed in connection with particular embodiments 35 
thereof, additional embodiments, modifications and 
applications which will be apparent to those skilled 
in the art are included within the spirit and scope of 
the invention. 

40 

Claims 



1- A base station (10) for mobile radio telecom- 
munications systems comprising a radio chan- 
nel frame (14) including a radio control com- 
plex (31) and a plurality of radio channel units 
(54) located witiiin said frame, and commu- 
nication linking means (18,19) for bidirectional- 
ly coupling tiie base station to a remote mobile 
teleommunications switching office (17), and 
CHARACTERISED BY a plurality of digital in- 
terface circuits (57). located within tiie radio 
channel frame, for interconnecting said radio 
channel frame to the communication linking 
means, and multiplexing means (53) connected 
t^tween the radio control complex and the 
radio channel units for selectively connecting, 
under the control of tiie radio control complex. 



3. A radio channel frame (14) for cellular tele- 
communications systems, comprising a control 
processing unit (40), system bus means (43) 
coupled to said control processing unit a 
memory drcuit (44), a network control interface 
circuit (46) and a communications processor 
interface circurt (45) each connected to said 
system bus means so that said control pro- 
cessing unit is capable of accessing each of 
said circuits, and a plurality of radio channel 
units (54). each capable of perfonming setup, 
locate and voice channel functions and 
CHARACTERISED BY a plurality of digital In- 
terface circuits (57) for interconnecting the ra- 
dio channel frame to incoming and outgoing 
voice and data frame links (18,19). and mul- 
tiplexing means (53) adapted for selectively 
coupling under the control of said control pro- 
cessing unit any one of said plurality of radio 
channel units to any one of said plurality of 
digital interface circuits. 

4. A radio channel frame as claimed in claim 3. 
wherein the muiltiplexing means comprises a 
time division multiplexed bus (A) for achieving 
voice, data and control connectivity to any of 
said interface circuits and said radio channel 
units. 

5- A radio channel frame as claimed in claim 4, 
45 wherein the time division multiplexed bus com- 
prises a pair of buses (A,B) tiiereby increasing 
reliability at half the operating frequency. 

6, A radio channel frame as claimed in claim 5, 
50 wherein the network control interface circuit 

serves to syncrhonize control channel mes- 
sages on either of the time division multiplexed 
buses between said control processing unit 
and any selected radio channel unit to be 
55 connected. 

7. A radio channel frame for cellular telecommun- 
cations systems CHARACTERISED BY first 
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and second control processing units (40.41) 
adapted to be interconnected by an update 
bus means (42), first and second system bus 
means (43.48) respectively coupled to said 
first and second control processing units, first s 
and second memory circuits (44,49) respec- 
tively connected to said first and said second 
system bus means so that each control pro- 
cessing unit is capable of accessing said first 
and second memory circuits, first and second io 
network control interface means (46,51) re- 
spectively connected to said first and second 
system bus means, first and second commu- 
nications processor interface means (45,50) re- 
spectively connected to said first and second 75 
system bus means, a plurality of radio channel 
units (54) each capable of performing setup, 
locate or voice channel functions, a plurality of 
digital interface circuit means (57) for intercon- 
necting the radio channel frame to incoming 20 
and outgoing voice and data frame links 
(18,19), and time division multiplexed bus 
means (53) adapted for selectively coupling, 
under the control of either one of said control 
processing units, any one of said plurality of 25 
radio channel units to any one of said plurality 
of digital interface circuit means. 

8. A radio channel frame as claimed in claim 7. 
wherein the time division multiplexing bus 30 
means comprises a pair of buses (A,B) for 
achieving voice, data and control connectivity 

to any of said interface means and said radio 
channel units at increased reliability and re- 
duced operating frequency. 35 

9. A radio channel frame as claimed in claim 8, 
wherein the network control interface means 
serves to synchronize control channel mes- 
sages on either bus of said pair of buses 40 
between said control processing units and any 
radio channel unit which is selected to be 
connected. 
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@ A base station for mobile radio telecommunica- 
tions systems comprises a radio frame set, an am- 
plifier frame, and an antenna interface frame con- 
nected to transmit and receive antennas. The radio 
frame set comprises a radio channel frame Including 
a radio control complex (31). a plurality of radio 
channel units (54) and a plurality of digital interface 
circuits (57) for interconnecting the base station to a 
remote mobile telephone switching office. A time 
division multiplexed bus (53), connected to the radio 
control complex (31), the radio channel units (54) 
and the interface circuits (57), is used for selectively 
connecting, under the control of the radio control 
complex (31). any radio channel unit (54) to any 
digital interface circuit (57). Such a radio channel 
arrangement is capable of handling analog, as well 
as, digital radio channel units while exhibiting greater 
capacity, easier maintenance and upgrade, and sub- 
stantially increased flexibility. 
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